Levofloxacin exhibited twofold greater inhibitory and bactericidal activities than ofloxacin against either extracellular or intracellular tubercle bacilli. The activities of both drugs against extracellular and intracellular bacteria were about the same, despite the accumulation of the drugs in macrophages at a level four-to fivefold greater than that in the extracellular medium. The activities of both drugs against intracellular bacteria were largely associated with the short, 2-h pulsed exposures of the infected macrophages to the concentrations which correspond to those attainable in blood during the period of the maximum concentration of drug in serum.
technique for preparation of the human monocyte-derived macrophage monolayers was as described previously by Crowle and colleagues (3, 4) , with some modifications given in our previous report (12) . Each monolayer contained 2 x 105 cells, and two monolayers were placed in each of the 35-mmdiameter plastic petri plates (Becton Dickinson Labware, Lincoln Park, N.J.). The bacterial suspension was prepared in RPMI 1640 to contain about 106 bacterial cells per ml, and 0.5 ml of this suspension was added to each monolayer. After incubation for 1 h at 37°C in the presence of 7% C02, the monolayers were washed three times to remove the extracellular bacteria. The infected cells were incubated in RPMI 1640 supplemented with 1% autologous human serum and with or without drug exposure, as described below. At days 0, 4, and 7, the medium from alternate plates was discarded and the monolayers were lysed by a 10-min exposure to a 0.25% sodium dodecyl sulfate solution. The lysates were collected in 5-ml propylene tubes and were sonicated for 45 s by using a microprobe and an output control set at 2.5 in a heat ultrasonic system (model W185F; Kent Ultrasonic Systems, Inc., Plainview, N.Y.) to disperse the clumps of mycobacteria. Tenfold serial dilutions of the lysates were plated onto 7H11 agar for subsequent determination of the number of CFU.
Methods for determination of MIC and MBC in 7H12 broth.
The MIC was defined as the lowest drug concentration that inhibited more than 99% of the bacterial population within 7 to 8 days of observation, and the MBC was defined for the present studies as the lowest drug concentration that decreased the bacterial population by 2 7 days of cultivation. Practically no growth should be detected in the presence of drug at the MIC when the inoculum is within the limits described above. The MBC was defined as the lowest drug concentration present in the culture medium that decreased the viable bacterial counts in macrophages more than 100-fold over 7 days of incubation. The MICs and MBCs were determined in the same experiments by using the following drug concentrations: 0.5, 1.0, 2.0, 4.0, and 8.0 ,ug/ml. The drugs were added to the monolayers 1 h after infection, at the time of removal of the extracellular, nonphagocytosed bacteria. The viable counts per monolayer were determined by colony counting on 7H11 agar plates inoculated with the serial dilutions of the macrophage lysate. Each measurement of the viable counts was a mean of four determinations. The variations among the values were minimal, with a standard error not exceeding 5% of the mean.
Model for single and multiple pulsed exposures. The maximum concentration of ofloxacin in serum (Cmax) after a single dose of 600 mg was reported to be from 5.2 to 22.2 ,g/ml (mean, 10.7 ,ug/ml) (11) . Accordingly, we selected a concentration of 7.0 ,ug/ml for a 2-h pulsed exposure of the macrophages infected with M. tuberculosis. In experiments with a single pulsed exposure, the medium was removed and replaced with fresh drug-free medium, and the infected macrophages were then incubated for 7 days. In experiments with multiple pulsed exposures, the infected macrophages were exposed for 2 h to 7.0 ,ug of drug per ml every day, after which the medium was removed and replaced with a drug-free medium for 22 h. The procedure was repeated during a period of 7 days. In our preliminary experiments, we attempted to imitate the pharmacokinetic curve by exposing the infected macrophages to the change in drug copcentrations every 2 to 4 h. Unfortunately, these frequent changes of the medium affected the macrophages unfavorably. Therefore, we used a simplified schedule which consisted of a 2-h exposure to 7.0 ,ug/ml; this was followed by replacement with fresh medium containing 1.0 ,ug of drug per ml for 22 h. The procedure was repeated daily for 7 days. Method for determining intracellular drug concentrations. To obtain a sufficient volume of human monocytes for the experiments, we used a leukocyte-rich by-product of donors' blood samples after they were used for platelet preparation. This product was provided under the generic name Leucopac by the Bonfils Blood Center (Denver, Colo.). The mononuclear cells were separated by Ficoll-Hypaque gradient centrifugation (12) . The suspension of mononuclear cells was adjusted to 10 /ml in RPMI 1640, and the cells were placed into 100-mm-diameter plastic petri dishes for incubation at 37°C for 30 min. To remove the nonadherent cells, the monolayers were washed twice with saline. The adherent cells were detached by vigorous pipetting, and the suspension in RPMI 1640 was adjusted to 2 x 107 cells per ml. From a supply of 100.0 ml of Leucopac, we were able to obtain about 10 monocytes. The drugs (7.0 ,ug/ml) were added to the suspension of the monocytes that were placed into polypropylene tubes and incubated at 37°C for 2 h. The cells were separated from the extracellular fluid by velocity gradient centrifugation. The gradient was prepared in 1.5-ml microcentrifuge tubes (Sarstedt Inc., Newton, N.C.) from two silicone oil products (Dow Corning, Midland, Mich.): six parts of DC550 (specific gravity = 1.07) plus five parts of DC556 (specific gravity = 0.980). The gradient (0.7 ml) was layered in the bottom of each tube and was overlaid with 0.8 ml of the monocyte suspension. After centrifugation at 8,500 x g for 5 min in a microcentrifuge (microfuge 12; Beckman, Palo Alto, Calif.), the cells had passed through the gradient to form a pellet in the bottom of MICs and MBCs of ofloxacin and levofloxacin for the intracellular and extracellular bacteria. The MICs of ofloxacin ranged from 0.5 to 2.0 ,ug/ml, and the MICs of levofloxacin ranged from 0.25 to 1.0 ,ug/ml. For each of nine strains tested in 7H12 broth (12B BACTEC vials) radiometrically, the MIC of levofloxacin was twofold lower than the MIC of ofloxacin ( Table 1 ). The same difference was found for three strains for which the inhibitory and bactericidal activities were determined by the viable counts in the same liquid medium. The MBC of levofloxacin in these experiments was 1.0 ,ug/ml for two strains and 0.5 ,ig/ml for one strain, while the MICs were 0.5 ug/ml for all three strains, resulting in an MBC/MIC ratio of 1 or 2. For ofloxacin, the corresponding values in the same experiment were an MBC of 2.0 ,ug/ml, an MIC of 1.0 ,ug/ml, and an MBC/MIC ratio of 2 for all three strains. The MICs of ofloxacin and levofloxacin for the intracellular bacteria were 1.0 and 0.5 jig/ml, respectively (Fig. 1) , which were the same as the MICs found in 7H12 broth for extracellular bacteria. In experiments with macrophages, the MBCs were fourfold greater than the MICs (4.0 ,ug/ml for ofloxacin and 2.0 ,ug/ml for levofloxacin), indicating an MBC/MIC ratio of 4 for either drug. It can be concluded from these data that the inhibitory and bactericidal activities of levofloxacin are greater than those of ofloxacin by twofold for both intracellular and extracellular bacteria.
Effects of pulsed exposures. A single pulsed exposure to 7.0 ,ig/ml for 2 h produced inhibition of growth during the subsequent 4 days of incubation; this was followed by an increase in the number of bacteria between days 4 and 7. The inhibition of growth was more substantial in cultures exposed to levofloxacin than in those exposed to ofloxacin ( Fig. 2A) . Multiple daily pulsed exposures to 7.0 ,ig/ml for 2 h (Fig. 2B ) resulted in a decrease in the number of bacteria in cultures exposed to either drug for 7 days. This bactericidal effect was more dramatic for levofloxacin, showing more than a 100-fold decrease in the number of bacteria. The effect was the same when, in addition to the daily pulsed exposure to high concentrations of the drugs (7.0 ,ug/ml) for 2 h, the concentrations were maintained at 1.0 ,ug/ml for the remaining time (Fig. 2C) . Accumulation of the drugs in macrophages. A 2-h exposure of the cells to 7.0 ,ug of a drug per ml resulted in intracellular concentrations of 27.1 ± 0.8 ,ug/ml for ofloxacin and 38.44 ± 1.1 jig/ml for levofloxacin. Correspondingly, the intracellular/ extracellular concentration ratios were 3.9 for ofloxacin and 5.5 for levofloxacin.
In 
